This paper assesses the impact of TRMM Microwave
Abstract

Surface rainfall data and GEOS rainf_!] assimilations
TMI Surface Rainfall data
The surface rainfall information igretrieved from the TMI microwave radiances.
The basis of the rainfall retrieval method is the "Bayesian" technique described in Kummerow et al. (1996) and Olson et a!. (1996 Olson et a!. ( , 1999 . A detailed description of the retrieval method utilized in the present study can be found in Olson et al. (1999) only thosemodel profiles associated with radiancessimilar to the observed radiances are designated significant weights.
GEOS analysis
The 6-h averaged surface rainfall estimates derived from the TMI are assimilated into the global analysis using a version of GEOS data assimilation system (see Hou et al. 2000 The land surface temperature is predicted using surface energy budget equations as described in Grell et al. (1995) . For a more detailed description of MM5, the reader is referred to Dudhia (1993) and Grell et al. (1995) .
Experimental design
A two-way interactive, four-level nested grid technique, is employed to achieve the multi-scale simulation. Figure 2 shows the four model domains used and Table  1 provides specifications for each domain. 
Model initialization with GEOS analysis
For the experiments, the initial conditions for the 135-km and 45-km domains (domains A and B) are derived from 12-h GEOS analyses. In order to examine the impact of TMI data on the storm forecast, two experiments (GEOS0 and GEOSTRMM, see With assimilation of the TMI rainfall data (Fig.3b) , only slight differences are found in the SLP, compared with the case without TMI data, with the low near 7°N,167°E being about 0.8 hPa deeper. However, The center of the low pressure is shifted southward into the confluence circulation ( Fig. 3 b and c) , and the significant differences appear in the wind field with increases of wind speed (about 10 ms l) in the western side and southern side of the confluence center near the SLP minimum and therefore the confluenc_becomes even stronger (Fig.3c) . As shown in the Figure 3c , the low level divergences are decreased after insertion of TMI data into the initial condition.
Greater differences are observed in the upper level divergences and humidity fields. Figure 4 shows the divergence field at 100hPa and the averaged relative humidity between 500 hPa and 100hPa for both initial conditions without ( Fig. 4a) and with ( Fig.   4b ) the TMI data.The figures indicate that assimilationof TMI data leads to notable increasesof relative humidity and decreasesof the divergencesin the upper level atmosphere (Fig.4 c) . 
Bogus Vortex
Simulation results
The numerical simulation of Paka i__conducted for 72-h. Figure  7 compares the simulated tracks with the observed track for Paka.
Results show that inclusion of the TMI data in the initial conditionsslowsthe speedof the stormmovementandimproves the storm track (Table  3) GHz channel at 0911 UTC 13 December 1997 ( Fig.9a ) with the forecasted 1-h accumulated precipitation at 33 h (corresponding to 0900 UTC 13 December 1997) from II the 5-km grid for experiments "GEOS0" (Fig.9b) , "GEOSTRMM" (Fig.9c ) and "BGS" (Fig.9d) Figure  12 shows the 1 h accumulated precipitation at 33 h from experiment BGS0, corresponding to the results in Figure  9 . Comparing two sets of simulations ( Fig.  12 and Fig. 9d ) with SSM/I observations ( Fig. 9a) , we found that the experiment BGS produces a more realistic precipitation structure, which is more consistent with the SSM/I observations. The better precipitation structure in BGS is certainly attributed to the impact of including the TMI rainfall data in the initial and boundary conditions. The results might also suggest that, although the initial vortex can play a dominant role in the forecasts of a matured typhoon, assimilation of rainfall data still brings some additional benefits to the forecast, especially to the forecast of short-term precipitation. 
Summary and Discussion
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